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Abstract: Hepatocellular carcinoma is one of the most common malignancies globally. Recently, a newly identified histological
subtype, designated as “macrotrabecular-massive hepatocellular carcinoma” (MTM-HCC), has been associated with an aggressive
phenotype and has received extensive attention. MTM-HCC was a strong independent prognostic predictor of early and overall
recurrence because it is closely related to tumor molecular subclass, gene mutation, carcinogenesis pathways, and immunohistochem-
ical markers. In addition, preoperative imaging examination can potentially provide an essential clue for diagnosing MTM-HCC,
intratumor necrosis or ischemia is an independent predictor for MTM-HCC on Gd-EOB-DTPA enhanced MRI or CT. Early diagnosis
and appropriate treatment of MTM-HCC could prove beneficial for preventing early recurrence and could improve outcomes.
Keywords: hepatocellular carcinoma, macrotrabecular-massive, molecular subclass, gene mutation, magnetic resonance imaging

Introduction
Hepatocellular carcinoma (HCC) is the most common primary malignant tumor of the liver, accounting for approximately
85–90% of all malignant tumors. The most common causes of HCC are hepatitis B, excessive alcohol intake, and metabolic
syndrome.1–3 Other rare causes include long-term intake of moldy food, hereditary diseases (hemochromatosis and hepatic
glycogen deposition) and the malignant transformation of hepatic adenoma.4,5 Currently, there are multiple treatment options
available for HCC, including radiofrequency ablation, surgical resection, and liver transplantation. However, the five-year
recurrence rate of this tumor remains as high as 70%.6 Moreover, an increased risk of recurrence remains even if early-stage
HCC is resected using radical surgery.7

The poor prognosis of patients with HCC is related to the pathological type and molecular subclass of HCC.8 The common
histopathological patterns include macrotrabecular, microtrabecular, pseudoglandular, and compact. Approximately 35% of
the pathological subtypes of HCC are unique, including steatohepatitis, clear cell, macrotrabecular-massive, and scirrhous
et al.2 Themacrotrabecular-massive hepatocellular carcinoma (MTM-HCC) is characterized bymacrotrabecular >6 cells thick
that account for more than 50% of the tumor, MTM-HCC demonstrates a relatively advanced preoperative Barcelona stage,
high alpha-fetoprotein (AFP) load (>400 ng/mL), large tumor volume, peritumoral satellite nodules, macro- or microvascular
invasion, and biliary tract invasion.9 These features make MTM-HCC highly prone to early recurrence and poor prognosis,
and small-sample data suggest the MTM-HCC subtype is the most common subtype with a potential of metastasis.10 In
addition, MTM-HCC has received extensive attention from clinicians and researchers in recent years and was officially
included in the new classification of HCC by theWorld Health Organization (WHO) in 2019.11 The best clinical diagnosis and
treatment plan can be provided if MTM-HCC is diagnosed accurately before surgery,12 because liver transplantation13,14 or
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radiofrequency ablation15 is not recommended for such patients. Surgeons should perform resection with wide margins or
anatomical hepatectomy,16 and shorter follow-up intervals may be recommended for surveillance.

Currently, there are few published studies related to MTM-HCC, and only 20 related articles were retrieved from
PubMed using the keywords “macrotrabecular-massive” and “hepatocellular carcinoma”. Table 1 summarizes the
associated research on the evaluation of MTM-HCC from 2019 to 2021 in PubMed. Herein, we review the latest
progress in this field combined with previous research reports.

Molecular and Histological Features Related to MTM-HCC
MTM-HCC is a special heterogeneous solid tumor. Such tumors with a diameter >5 cm are prone to early recurrence
after radical resection or radiofrequency ablation.17 The aggressive biological behaviour of MTM-HCC is attributed to its
ability to activate angiogenesis18 and is closely related to tumor molecular subclass, gene mutation, carcinogenesis
pathways,17 and immunohistochemical markers (Figure 1).

Table 1 The Researches on the Evaluation of MTM-HCC from 2019 to 2021

Author, Published
Year

Number of
Institutions

Case
Number

Number of
MTM-HCC (%)

Research Content Related to MTM-
HCC

Yoneda et al (2019)9 N/A N/A NA Imaging Biomarkers

Kumar (2021)10 1 39 11 (28%) Histomorphologies of Primary HCC and

Metastasis

Calderaro et al (2019)12 N/A N/A NA Molecular and Histological

Ziol et al (2019)17 5 521 62 (12%) Clinical relevance

Calderaro et al (2017)18 2 343 36 (10%) Pathological and Molecular features

Calderaro et al (2019)39 5 331 53 (16%) Endothelial Specific Molecule 1

Woo et al (2021)41 1 322 34 (11%) Lung and lymph node metastases

Renne et al (2020)42 5 541 42 (8%) Vessels Encapsulating Tumor Clusters

Feng et al (2021)43 3 271 93 (34%) Preoperative CT features

Yoon et al (2021)44 N/A N/A N/A Clinical, Pathology, Imaging and Prognosis

Rhee et al (2019)45 1 84 21 (25%) MRI feature and Aggressive Pathologic

Rhee et al (2021)46 2 476 84 (18%) Preoperative MRI features and Prognosis

Mulé et al (2021)48 1 152 26 (17%) Preoperative MRI features

Chen et al (2021)49 1 141 37 (26%) Preoperative MRI features

Kang et al (2021)51 1 158 17 (11%) Preoperative MRI features and Prognosis

Zhu et al (2021)52 1 88 32 (36.3%) Preoperative MRI features and Radiomics

Jain et al (2021)56 1 378 30 (8%) Background Liver Without Cirrhosis

Mukul et al (2021)58 N/A N/A N/A Pathologic and Molecular features

Liu et al (2020)60 1 619 316 (51%) A Novel Immunophenotyping System

Kurebayashi (2021)61 1 253 N/A Immunotherapy and Anti-angiogenic Therapy

Abbreviation: N/A, not mentioned in the study.
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Molecular Subclass of MTM-HCC
In 2004, in a study comprising 91 HCC patients, Lee et al classified HCC into two categories (Cluster A and Cluster B) by
analyzing tumorgene expressionwith statistically different influences on survival time.ClusterAhad robust cellular proliferation,
anti-apoptosis ability, and poor prognosis. AFP (>300 ng/mL) and Edmonson Grade III accounted for 62.5% and 77%,
respectively;19 MTM-HCC belonged to Cluster A. In 2007, Boyault et al further studied the correlations among transcriptome-
genotype-phenotype in HCC. Based on 57 cases of HCC and 3 cases of hepatic adenoma, the whole genome was sequenced and
verified on another 63 cases of HCC. Based on the clinical and genetic characteristics, six groups of HCC subtypes (G1-G6) were
obtained.20MTM-HCCwas classified asG3 andwas characterized by TP53mutation and overexpression of cell cycle regulatory
genes. Recently, Zhongshan Hospital and Fudan University determined the protein genome of hepatitis B-related HCC in China
and found that HCC hadmetabolic reprogramming, immunemicroenvironment changes, and increased cell proliferation. Herein,
HCC was divided into three subtypes, namely, S-Mb (Metabolism), S-Me (Microenvironment), and S-Pf (Proliferation).
Compared with the first two subtypes, the S-Pf subtype was more likely to present with larger tumors, tumor thrombi, and
progressive HCC.21 MTM-HCC may be related to S-Pf.

Gene Mutation Related to MTM-HCC
MTM-HCC has a very strong invasion and metastasis potential, closely related to multiple gene mutations, including
TP53 mutation, fibroblast growth factor 19 (FGF19) amplification, and ataxia-telangiectasia mutated protein (ATM).18

TP53 is the most commonly mutated gene in HCC and plays an important role in its pathogenesis. The average
incidence of TP53 mutation is 30%22 and maybe as high as 60% in HBV-related HCC.23 TP53 plays a crucial role in cell
cycle regulation and apoptosis after DNA damage. Tumor suppression is reportedly lost with TP53 gene mutations that
promote tumor progression.24 These mutations primarily occur in poorly differentiated tumors. These tumors frequently
invade blood vessels, activate cell proliferation, and promote angiogenesis and epithelial-mesenchymal transition. They
are significantly related to the clinical (HBV infection, early recurrence, poor prognosis, and high AFP load) and
pathological (satellite lesions and vascular invasion) manifestations of MTM-HCC.

FGF19 amplification is related to the malignant biological behaviour of MTM-HCC. FGF19 is a metabolic regulatory gene
belonging to the family of hormone-like FGF signallingmolecules.25 FGF19 amplification occurs in approximately 14% of HCC
cases.26 Amplified FGF19 reportedly plays an essential role in regulating liver cells function and development, and binds to the
specific receptor fibroblast growth factor receptor 4 (FGFR-4) to drive the carcinogenesis in HCC. FGF19 promotes the

Figure 1 Integration of HCC clinical features, pathological features, molecular subclass, carcinogenic pathway, and gene mutation.
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proliferation and anti-apoptosis ability of tumor cells and increases the risk of HCC.27,28 Moreover, the amplification of FGF19
increases the activity of FGF19 in tumor cells, thus maintaining the gene expression mode of hepatocyte differentiation.29

Calderaro et al found thatMTM-HCCwas related to FGF19 amplification (P=0.02)18 and was prone to early recurrence and poor
prognosis (P=0.05, 0.03).

ATM belongs to the family of signal-sensing molecule phosphoinositide 3-kinase-related protein kinase (PIKK),
which is extremely sensitive to radiation.30 ATM kinase plays a central role in mediating DNA damage repair and short
cell cycle arrest, and regulating cell survival, proliferation, metabolism, and differentiation to ensure genomic stability
and maintain cell activity.31 However, the targets of these kinases can affect the progression of the cell cycle, DNA
damage, and epithelial-mesenchymal transition and can participate in tumor progression by mediating the invasion,
apoptosis, and migration of tumor cells.32 ATM mutation is reportedly related to the pathological subtypes of MTM-HCC
(P=0.03),18 indicating that this kinase plays a vital role in the progression of HCC.

MTM-HCC-Related Carcinogenic Pathways
Gene expression profiling has shown that angiogenesis activation is the principal carcinogenesis pathway of MTM-HCC, with
overexpression of angiogenesis-2 (Ang-2) and VEGF,12 which coordinate with each other to promote angiogenesis.33 Ang-2
mainly disrupts the interaction between endothelial and para-endothelial cells, thus increasing the sensitivity toVEGF that induces
blood vessel germination and activates angiogenesis.34 In addition, Ang-2 allows circulating tumor cells to extravasate and is
considered an essential regulator of the pre-metastasis state.35 It is speculated that Ang-2 transiently expressed by MTM-HCC
directly invades the surrounding normal liver parenchyma and forms peritumoral satellite lesions.17 TGF-β, RAS/MAPK, and
PI3K/AKT, are also important carcinogenic pathways of MTM-HCC.12 TGF-β is an effective immunosuppressant that has been
associated with inflammation, fibrogenesis, and immunomodulation in the HCC microenvironment.36 RAS/MAPK is driven by
an acquired genemutation, which leads to cell proliferation and survival, resulting in the development and progression of HCC.37

The PI3K/AKT signalling pathway is an important pathway of HCC development and progression, as an imbalance of this
pathway leads to the slow growth and accelerated apoptosis of normal cells, which can mediate downstream biological effects,
such as NF-κB and VEGF.38

Immunohistochemical Markers Related to MTM-HCC
MTM-HCC highly express neoangiogenesis-related genes, which lead to the discovery of Endothelial-Specific Molecule-
1 (ESM-1) and Vessels encapsulating tumor clusters (VETC) as robust immunostaining markers, the ESM and VETC
pattern has been suggested as a possible route for HCC metastasis.35,39

Endothelial-specific molecule-1 (ESM-1) is expressed by interstitial endothelial cells lining the macrotrabecular. Using
separate training and verification groups, Calderaro et al showed that the sensitivity of ESM-1 was 97% and 93%, and its
specificity was 92% and 91%, respectively. Thus, ESM-1 can be used as a reliable immunohistochemical marker.39 Vessels
encapsulating tumor clusters (VETC) enter the circulatory system through anastomosis with peritumoral veins and then release
into the blood, leading to metastasis and recurrence of HCC. The overexpression of Ang-2 can promote VETC-mediated
metastasis.40,41 Research has shown that compared with its expression in non-MTM-HCC, VETC is more easily expressed in
MTM-HCC (P=0.006) and is prone to recurrence at an early stage, with lower disease free survival and overall survival.42

Imaging Findings of MTM-HCC
The gold standard for MTM-HCC diagnosis is pathology. Although needle biopsies can diagnose MTM-HCC before
surgery, they are limited by the risk of puncture site bleeding, implantation metastasis, and sampling error. With
technological developments, imaging has gradually become more mainstream for preoperative tumor assessment.
Preoperative imaging can provide an essential clue for individualized diagnosis and treatment for such patients.
However globally, there are few reports on the imaging manifestations of MTM-HCC, and only seven articles related
to the imaging manifestations of MTM-HCC could be retrieved from PubMed, among which only one is from China.
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Computed Tomography Findings of MTM-HCC
To date, only Feng et al43 reported the computed tomography (CT) findings of MTM-HCC. These researchers found that
compared with non-MTM-HCC, MTM-HCC is more likely to show signs of necrosis and hemorrhage on contrast-enhanced CT
scanning. Combining the radiological signs with AFP level (>100 ng/mL) establishes an ANH scoring system (in which
A represents AFP, N represents necrosis, and H represents hemorrhage). The areas under the receiver operating characteristic
curve in the training and verification groups were 0.77 and 0.73, respectively. The probability of early recurrence rises
concomitant to increases in the ANH score.44 Renne et al also found that compared with non-VETC-HCC, VETC-HCC was
often larger (>5 cm) andwasmore prone to necrosis.42 However, that study did not elaborate onwhether there is any difference in
CT imaging manifestations between MTM-HCC (VETC+) and MTM-HCC (VETC-).

Magnetic Resonance Imaging Findings of MTM-HCC
In 2019, Rhee et al45 proposed irregular rim-like arterial phase enhancement (IRE) as an imaging sign based on extracellular
contrast-enhanced magnetic resonance imaging (MRI). IRE is more common in pathological subtypes of HCC with a stronger
invasion ability, especially MTM-HCC. In 2020, Rhee et al46 collected multicentre data to study the Gd-EOB-DTPA MRI
findings of MTM-HCC and recommended the following MRI diagnostic criteria for MTM-HCC: 1) The proportion of hypo-
enhanced components inside the tumor in the arterial phase accounts for more than 20% of the tumor, and the sensitivity and
negative predictive value in the verification group were 88% and 97% respectively; and 2) the proportion of hypo-enhanced
components inside the tumor in the arterial phase accounts for more than 50%, and the tumor contains two or more additional
image features (intra-tumoral arteries, abnormal enhancement around the tumor in the arterial phase, and irregular tumormargin),
which have relatively low sensitivity and very high specificity (96% in the verification group). The mechanism of tumor necrosis
or ischemia is mainly related to the expression of ESM-1 in the tumor microenvironment, which activates the regeneration of
blood vessels around the tumor; this causes the tumor to grow fast associated with hypoxia, resulting in the necrosis seen in

Figure 2 Macrotrabecular-massive HCC. The tumor center showed no enhancement area (white arrow) in the arterial phase (A) and portal phase (B) on contrast-
enhanced CT, representing necrosis. Necrosis (white arrow) appears as hypo-enhancement in arterial phase (C) and portal phase (D) on MRI. Neoplastic cells of MTM-HCC
showed trabecular architecture (White arrow) at pathological (HES, x100) (E). Numerous necrotic foci (white arrow) were observed in this case (HES, x200) (F).
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advanced HCC.39,47 Therefore, to ensure relatively high sensitivity, for the Gd-EOB-DTPAMRI manifestations of MTM-HCC,
substantial intratumor ischemia or necrosis has been defined as the proportion of hypo-enhanced areas within the tumor in the
arterial phase accounting for ≥20%. Mulé et al48 reported that substantial intra-tumoral ischemia or necrosis is an independent
predictor of MTM-HCC (sensitivity 65%, specificity 93%). Chen et al49 also agreed with the above view and held that this sign
could help diagnose 86% of MTM-HCC cases (specificity 66%). In our studies,50 we concluded that MTM-HCC could be
effectively diagnosed by intratumor ischemia or necrosis combined with intratumor fat deficiency (Figures 2 and 3). However,
a study byKang et al51 showed inconsistencywith the above results becausemost patients in their study had large tumors (≥5 cm),
and the authors defined substantial necrosis as ≥50%. Zhu et al52 diagnosedMTM-HCC using radiomics based on the hotness of
artificial intelligence and found that radiomics Rad-score and intratumor fat were independent predictors, while intratumor
ischemia or necrosis showed a statistical difference only in univariate analysis. In addition, their research results related to
intratumor fat were contrary to our study.We believe that intratumor fat mainly occurs in well-differentiated liver cancer and that
fat deposition is caused by transient hypoxia in arterial angiogenesis in liver cancer.53,54 However, a study found intratumor fat,
intratumor hyperenhancement in the arterial phase, and “rapid wash-out” mostly occur in advanced liver cancers.55 In addition,
a study showed that MTM-HCCwas more commonly seen in noncirrhotic livers,56 which needs to be confirmed by multi-center
studies.

Diagnosis and Treatment of MTM-HCC
Currently, the guidelines in China and other countries state that HCC can be diagnosed using advanced imaging without
pathological diagnosis.2,57 In the past decade, different pathological subtypes of HCC have not exerted enough influence
in clinical practice. Therefore, they have not aroused the interest of clinicians. However, for MTM-HCC, the diagnostic
consistency of pathologists after core biopsy is high,58 so the utility of preoperative biopsies should be re-examined. In
addition, based on its different molecular types and carcinogenic pathways, MTM-HCC may be relatively sensitive to
angiogenesis inhibitors, such as anti-Ang-2 and anti-VEGFA antibody.59 Furthermore, scholars have found that CKLF-

Figure 3 Macrotrabecular-massive HCC. The tumor showed markedly hypo- or no enhancement area (White arrow) in the arterial phase (A) and portal phase (B) on
contrast-enhanced CT, representing ischemia or necrosis. Ischemia or necrosis (White arrow) appears as hypo- or no enhancement in arterial phase (C) and portal phase
(D) on MRI. Neoplastic cells of MTM-HCC showed trabecular architecture (White arrow) and Obvious necrosis (Black arrow) (HES, x100) (E) Trabecular architecture
(White arrow) and numerous necrotic foci (White arrow) were observed in this case (HES, x200) (F).
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like MARVEL transmembrane domain-containing 6 (CMTM6) promotes Programmed death-1 (PD-L1) expression in
tumor cells in the defense against T cells. Thus, the combination of immune status assessment with anti-CMTM6 and
anti-PD-L1 therapy may be more effective in the treatment of MTM-HCC.60 Other scholars have provided mechanistic
insight into the therapeutic effects of immunotherapy, anti-angiogenic therapy, and their combination.61 So, the therapies
used to treat MTM-HCC should differ from those used for the more common types of HCC, and individualized treatment
should be provided for patients with MTM-HCC.
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